response to heat stress. A change in standing behavior can be considered a sign of heat stres for feedlot cattle in hot environments.
Some physical responses to heat stress in cattle are breed specific (Hammond et al., 1998) . Under heat stress, body temperature regulation varies depending on the breed (Silanikove, 2000; Dikmen et al., 2008) . Differences in thermoregulation mechanisms of Bos taurus and Bos indicus cattle have been observed (Hammond et al., 1998) . Under the same environmental conditions, B. taurus cattle are more sensitive than their B. indicus counterparts. On the other hand, the resistance to thermal stress varies within a breed (Ravagnolo & Misztal, 2000) . The degree of a breed's susceptibility to heat stress may modify animal behaviors, which may help to mitigate the effects of heat stress.
Very little comparative information is available on the daily behavioral patterns of different breeds in response to thermal discomfort. A hypothesis was formulated that the differences in heat tolerance among breeds may result in differences in their behaviors in hot environments. The objective of this study was to investigate the differences in the behaviors of male Brown Swiss and Holstein feedlot cattle in response to thermal discomfort.
Material and methods
This study was carried out at the experimental feedlot of the University of Uludag's Faculty of Veterinary Medicine's research farm in the Bursa province in the northwest of Turkey. The research farm is located at Gorukle, Bursa, at 40°14' N and 28°52' E in the eastern Marmara region. In this region, animals are exposed to high temperatures for 3-4 months annually (between May and September). The average recorded temperature and humidity at this location during the 4-week observation were 23.2 ± 0.5°C and 57.8 ± 2.2%, respectively, at 07:00 h; 31.7 ± 0.3°C and 37.6 ± 0.7%, respectively, at 14:00 h; 24.2 ± 0.3°C and 55.8±1.5%, respectively, at 21:00 h (Fig. 1) . The ambient temperature and humidity were recorded at a height of 2 m inside the semi-open feedlot using an Extech Hygro/ Thermometer Model 445715 (Extech Instruments Ltd., MA, USA). The maximum and minimum ambient temperatures and humidity were determined for a 24-h period ( Fig. 1) 8T -26.8)] where T = the dry bulb temperature (°C) and RH = the relative humidity (%).
Animals and housing
The animals were housed in a semi-open feedlot barn. The experiment was conducted in accordance with the "Guide for the Care and Use of Agricultural Animals in Research and Teaching" (FASS, 1999) and the ASAB/ABS guidelines for the use of animals in research. The University of Uludag's Faculty of Veterinary Medicine's Animal Care and Use Committee also approved this study. Sixteen randomly selected male Brown Swiss (BS) (566 ± 27 kg) and Holstein (H) (567 ± 27 kg) cattle were allocated into four pens according to their breed. The coat color of the Holstein cattle was half black and half white. At the time of the experiment, all of the animals were 17-18 months old. Within each main group (BS and H), the animals were assigned to one of the four replicates (n = 4 in each pen). The number of animals in each replicate was determined in the manner described by Mitlöhner et al. (2001) . Each replicate was housed in a separate nearby pen. The pens were adjacent to one another, and all pens were oriented in the direction opposite that of the main work flow of the farm. The longitudinal axis of the feedlot had a north-south orientation. The pen floor was made of concrete with a space allowance of 15 m 2 per animal and a total area of 60 m 2 for each replicate within the main group. Half of the pen area was covered with a concrete roof, and the ceiling height was 3-m above the ground. The pens were adjacent to each other and were separated by iron fencing. No fan or any other cooling system was used during the experiment. All cattle were fed ad libitum with a concentrated feed in pellet form containing 12% crude protein and 11.5 MJ kg -1 energy and including chopped wheat straw as roughage. The wheat straw was not processed and was top-dressed with the concentrated feed. All of the animals had free access to water during the experiment. The animals were fed twice daily (at 06:00 and 15:00 h), and feed consumption for the animals was limited to 10 kg of the concentrated feed per head and per day. The live weights of the cattle were determined using a Baster scale with a precision of ± 100 g (Baster, Izmir, Turkey). At the beginning of experiment, the amount of daylight was 16 h 22 min. During the night, artif icial light was used between 21:00 and 05:00 hours. Supplementary lighting was provided by one 20-W incandescent lamp placed 2.5 m above the ground under the roof in each pen (60 m 2 ). The live weights of the animals were measured every month from May to August. The live weight gain (LWG) for each breed was determined for three periods; May to June, June to July and July to August. None of the bulls monitored in this experiment had any illness before or during the experiment.
Behaviors
A scan sampling technique was used to monitor the behavior of animals (Mitlöhner et al., 2001) . For each cattle, behavioral observations were recorded at 10 min intervals (Mitlöhner et al., 2001 (Mitlöhner et al., , 2002 for 1 h at 06:00, 10:00, 13:00, 16:00, 20:00 and 23:00. All of the animals were monitored for 12 days. All behaviors shown in Figs. 2-3 were pooled by breed. All animals in the pens were numbered, and their individual behaviors were recorded according to these numbers. The individual behaviors recorded were feeding, ruminating, drinking, standing, resting, locomotor activity and elimination. Feeding was defined to be the animal's head over or in the bunk, and drinking was defined to be the animal's head over or in the water trough. Ruminating was defined to be the act of rumination either standing or resting. Standing was considered to be an inactive upright posture (no locomotion) and without any movement, whereas resting was defined as body contact with the ground. Locomotor activity was defined as any change of body location within the pen. Urinating and defecating were considered as eliminative behavior.
Statistical analysis
The method described by Mitlöhner et al. (2001) , was used to analyze the behavioral data. Prior to general linear model (GLM) analysis, an arcsine-square root transformation was performed on behavioral data to achieve normal distribution. The data were analyzed with using PROC GLM procedure of Statistical Analysis System (SAS version 9.1; SAS Institute, Inc., Cary NC). The change of THI between the observation days and the difference of liveweight between breeds were similar (p > 0.05) and were not included in the model. Final model included the effects of animal, day, observation time (06:00, 10:00, 13:00, 16:00, 20:00 and 23:00h), breed (BS and H), replicate and all interactions. And the error term was considered to be animal within breed. Data concerning mean live weight and LWG of breeds and the effects of breed, period and breed by period interaction were analyzed by using PROC MIXED procedure of SAS, and animal within breed was the random effect. A probability of p < 0.05 was considered significant.
Results
Environmental conditions (dry-bulb temperature, humidity and THI) are shown in Fig. 1 . During the experiment, maximum THI (estimated using maximum dry bulb temperature and minimum RH), minimum THI (estimated using minimum dry bulb temperature and maximum RH) and mean THI (estimated using mean dry bulb temperature and RH) were found to be 79 ± 0.4, 66.6 ± 0.4 and 74.4 ± 0.4, respectively. These environmental conditions show that moderate heat stress conditions occurred during the study.
Initial mean live weight of BS and H cattle were 566 ± 27 kg and 567 ± 27 kg, respectively (p > 0.05). The differences of live weight and LWG from May to August among breeds were not significant (p > 0.05). But the effect of the period was found highly significant as expected (p < 0.001). Daily behaviors of feedlot cattle are presented in Table 1 and Figs. 2-3. Overall (Fig. 2) , the BS cattle exhibited more frequent feeding behavior (p < 0.05), and the H cattle exhibited more frequent resting behavior (p < 0.01) ( Table 1) . The difference in the other behaviors were not significant (p > 0.05). The H cattle exhibited 30.4% more resting behavior (p < 0.01) primarily during the cool times of the day (23:00 h) and 23.5% less feeding behavior (p < 0.05) than the BS cattle. A comparison of the observation hours showed that the BS cattle exhibited more ruminating behavior early in the morning (06:00 h) and late in the day (23:00 h, p < 0.01), but when the ambient temperature was higher, the BS cattle exhibi- ted less ruminating behavior than the H cattle (16:00 h, p < 0.05). The BS cattle consumed more feed than the H cattle in general and at 16:00 h (p < 0.05). The frequency of resting behavior was greater for both breeds at 23:00 h and was greater for BS cattle at 20:00 h. The change in feeding behavior during the day was found to be significant (p < 0.05). No significant difference in overall standing behavior was detected, but the change in this behavior during the day was signif icant (p < 0.001), with the H cattle exhibiting more standing behavior at 16:00 h (p < 0.01) than the BS cattle. The locomotor activities of the two breeds were not significantly different overall, but during the day they were different (p < 0.05), with the BS cattle exhibiting more locomotor activity at 16:00 and 23:00 h (p < 0.05). Ruvuna et al. (1986) reported that Brown Swiss grow as quickly as Holstein, which is consistent with the findings of this study. There was no significant effect of breed or of the interaction of breed and observation time on growth (p > 0.05), but the effect of observation time was found to be highly significant as expected (p < 0.001). Body weight and LWG are related to metabolic body size (Kadzere et al., 2002) which is also a measure of metabolic heat production. According to Kadzere et al. (2002) , cattle with similar body weights produce similar amounts of internal heat that needs to be dissipated. Given that the feed offered (amount and type) to the groups and the barn related factors (i.e. pen, workers, feed source) were the same throughout the experiment, the signif icant effect of observation time on the behaviors observed might be the result of the animals' responses to heat stress (Mitlöhner, 2000) of the level of the average THI (74.4 ± 0.4) during the study suggests that all of the animals were under moderate heat stress (West, 2003) .
Discussion
During the experiment, the ambient temperature and THI exceeded the upper critical levels for cattle (BrownBrandl et al., 2006; Bohmanova et al, 2007; Dikmen & Hansen, 2009) . Several authors have reported increases in standing behavior in dairy cattle (Purwanto et al., 1994; Lin et al., 1998; Cook et al., 2007) and beef cattle (McDaniel & Roark, 1956; Eigenberg et al., 2005) in response to heat stress. This increase in standing behavior is bleived to be due to the animal's attempting to maximize wind exposure and evaporation (Mitlöhner, 2000) . Overall, the two breeds considered in this study, exhibited similar changes in their standing behavior, which suggest similar responses to heat stress (Zahner et al., 2004; Brown-Brandl et al., 2006) . However, the standing behavior of the two breeds during the day was different (p < 0.001). During the day, the BS cattle exhibited more standing behavior than the H cattle at 13:00 h (p < 0.05) and less at 16:00 h (p < 0.01). These difference in standing behavior between the two breeds may be the result of differences in their adaptation to heat stress. It has been reported that behavior change is the most cost-effective response to a stressor because it simply alleviates the effects of the stressor by avoiding it (Mitlöhner, 2000) . Therefore, the change in standing behavior for the BS cattle may be helpful in regulating their body temperature via convection and radiation. Similarly, the rumination behavior of the BS cattle was greater than that of the H cattle early in the day and late at night (06:00 and 23:00 h) (p < 0.01), and was lower in the middle of the day (13:00 h) (p < 0.05) (Fig. 3) . The changes observed in the feeding behavior of the two breeds during the day were significant (p < 0.05). These changes might be the result of the effect of the higher ambient temperature (31.7 ± 0.3 o C) and THI during the day time (14:00 h) (Holter et al., 1996; West, 2003) . Less frequent feeding has been reported to be one of the f irst symptoms of heat stress in cattle (Mitlöhner, 2000) . Feeding frequency is highly correlated with body temperature, which is related to the thermostatic control of feed intake (Eigenberg et al., 1994) . The difference in rumination behavior between the breeds could be the result of the changes in their behaviors in response to changes in the environmental stressors. Beede & Collier (1986) and Brown-Brandl et al. (2006) have reported that rumination is altered or depressed when cows are under heat stress or dehydration. The change in this behavior for the BS cattle could be a sign of their body temperature regulation. Correa-Calderón et al. (2004) have reported that Brown Swiss cattle are better able to regulate their body temperature than Holstein cattle. Based on the observed changes in their behaviors, we have concluded that BS cattle can tolerate the effects of thermal stress better than H cattle (Correa-Calderón et al., 2004) . The H cattle exhibited more resting behavior, but they tended to rest more at night (23:00 h) (p < 0.01) while the BS cattle rested more only at 20:00 h (p < 0.01) (Fig. 3) . The greater frequencies of resting behavior for the H cattle late at night and early in the morning and their greater frequency of standing behavior at 16:00 h could be due to heat stress felt during the day. The locomotor activity of the BS cattle was greater at 16:00 h. At this time of the day, they tend to take advantage of access to feed and water, which could be the reason for the increase in locomotor activity. The agonistic behaviors of both breeds were greater at 20:00 h, which could be the reason for the observed increases in locomotor activity during this time. The overall feeding frequency of BS cattle was greater than the H cattle, which could be a sign of better heat tolerance of this breed, given that heat stress increases body temperature and this increase causes a significant decrease in feeding frequency (Eigenberg et al., 1994; Mitlöhner, 2000) . The increased amount of feeding behavior for both breeds at 10:00 and 16:00 h could be a result of feeding time at the farm. The BS cattle tended to eat more during the day than the H cattle (Fig. 3) . The less frequent locomotor activity, less frequent feeding behavior, and more frequent standing behavior of the H cattle at 16:00 could be due to the greater susceptibility of this breed to heat stress at this time of day. These changes in the behaviors of the H cattle could also be due to interruption of their welfare (Zahner et al., 2004; Cook et al., 2007) . Zoa-Mboe et al. (1989) and Dikmen et al. (2008) have reported that the effects of heat stress are greater at 15:00 h, which might explain the increase in standing behavior of the H cattle at 16:00 h.
Prolonged high ambient temperatures can impair the ability of cattle to dissipate body heat to the environment (Kadzere et al., 2002) . Environmental modifications such as water applications and shade provision can help in cooling the animals. The results of this study can be used to make better decisions about how to manage cattle in hot environments. Modifications to management systems may result in better welfare and greater productivity for these breeds.
The effects of heat stress on fattening performance is also related to dry matter intake, which decreases when the ambient temperature exceeds 25-26°C (Eigenberg et al., 2005; Gaughan et al., 2008) . The decreased eating frequency of H cattle during the day time might be an effort to compensate for the effects of heat stress (Holt et al., 1999) .
The results of this study suggest that BS cattle exhibit fewer signs of heat stress than H cattle under the same environmental conditions. This difference might be the result of changes in their behaviors during the day time. The differences in the behaviors of BS and H cattle are likely to be more obvious in hot, humid environments because of the latter's less effective use of sensible heat loss mechanisms (Kadzere et al., 2002) .
In summary, the findings of this study indicate that the behaviors of BS cattle change in response to increased ambient temperature during the daytime and that BS cattle exhibited fewer signs of heat stress than H cattle in a hot environment. These results suggest that in a hot environment, different cattle breeds regulate their behaviors in different ways and to different degrees in response to changes in environmental conditions. Identification of possible differences in these behaviors under different conditions could help in assessing the levels of heat stress in different breeds. Changes in environmental conditions were found to cause significant changes in the behaviors of male BS feedlot cattle. Providing an efficient cooling system between 13:00 and 16:00 h and changing the feeding time or restricting feeding during the day might be useful in decreasing heat stress and related behavior changes during the daytime, with a resulting increase in the animals' welfare.
